The new spectrophotometric methods of fluoroquinolones: enrofloxacin, norfloxacin, and ofloxacin determination with the methyl red are based on ion-pair complex formation between fluoroquinolones and methyl red in acidic medium at pH 3-4 and subsequent three times extraction of the reaction products by chloroform. The obtained orange extract has an absorbance maximum at max ¼ 492 nm. Optimum conditions for the formation as well as for the extraction of ion-pair complexes between fluoroquinolones and methyl red at the presence of acetate buffer and potassium chloride solutions have been established: C (CH 3 COONa) ¼ 0.85 M, C (KCl) ¼ 2 M, pH ¼ 3.8. Effective molar absorbtivity of ion-pair complexes chloroform extracts is " 492 $3Á10 3 l mol À1 cm À1 . New extraction-spectrophotometric methods for fluoroquinolone determination with methyl red were developed on the basis of the optimum reaction conditions. Concentration range for the system fluoroquinolone -methyl red is (2.5-25)Á10 À6 M; limit of detection for enrofloxacin is C min ¼ 2.48Á10 À6 M, for norfloxacin -C min ¼ 3.07Á10 À6 M, for ofloxacin -C min ¼ 3.17Á10 À6 M.
Introduction
Fluoroquinolones (FQs) are a group of synthetic chemotherapeutic agents that are widely used in medicine and veterinary practice. They are derivatives of 4-quinolone, which have unsubstituted or substituted piperazine ring attached at the 7-position to the central ring system of quinoline as well as fluorine atom at the 6-position. Due to the number of fluorine atoms in the molecule FQs are divided into monofluoroquinolones, difluoroquinolones, and trifluoroquinolones. Today more than 30 drugs of FQ antibiotics have been developed. They are divided into four generations based on time when they were created (Treskach and Kucherenko, 2004) . Pharmacodynamics of FQs has broad-spectrum antibacterial (bactericidal) postantibiotic and immunomodulative effects (Melenteva and Antonova, 1985; Shchekina, 2007) .
The safe and effective use of medications requires multilevel quality control at all stages of drug manufacturing from the synthesis of the raw materials and ending with the obtaining of the final products. FQ antibiotics are quantified using analytical methods of the titrimetry, spectrophotometry, fluorescence, potentiometry, capillary electrophoresis, chromatography, and immunoenzymatic analyses.
According to regulatory documents quantification of FQs is carried out by nonaqueous titration. The disadvantages of this technique are the needs to prestandardize perchloric acid solution and the duration and complexity of the titration procedure. The analysis of the numerous publications on the FQ antibiotics determination revealed that the priority in the choice of antimicrobials analysis method is determined by the sample's nature. For FQs determination in pure substances and simple drugs, the own absorbance in UV spectrum range (Nebsen et al., 2013; Ö tker and Akmehmet-Balcıog˘lu, 2005 ) is used. For their analysis in multicomponent drugs, the high performance liquid chromatography (HPLC) is applied. HPLC can get reliable results, but the high cost of equipment and reference materials, use of the toxic solvents, as well as the need in highly qualified specialists restrict its use for mass analysis.
For quantification of drugs component, use of the method of spectrophotometry is very promising. It does not require titrant standardization, reduces the time of sample preparation; thus rapidity and good validation characteristics constitute obvious advantages of the method.
It is known that alkaline earth and transition metals (Mg El Khateeb et al., 1998; Garcı´a et al., 2005; Pan et al., 2012; Uivarosi, 2013) . Spectrophotometric methods of enrofloxacin (EF) determination with eosin, 2,3,4,5-tetrachloronitrobenzene, and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone with formation of complexes with charge transfer as well as with bromocresol purple, bromophenol blue, and methyl orange with formation of ionpair complexes, which are extracted by chloroform have been developed (Mostafa et al., 2002a) . For the spectrophotometric determination of EF, perchloric acid and tetracyanoethylene, which form transient complexes with EF, are used (Mostafa et al., 2002b) . Belal et al. (1999) used the method of norfloxacin (NF) determination based on spectrophotometric measurement of chromogenic reagent green solution absorbance formed by the interaction of NF with CeNH 4 (SO 4 ) 2 and 3-methyl-2-benzothiazolinone hydrazone hydrochloride hydrate. For NF determination, the absorbance of yellow colored complexes with bromocresol green in dichloromethane and with tetracyanoethylene in acetonitrile is used (El-Brashy et al., 2004) . Ni et al. (2008) described a spectrophotometric method for NF determination, which is based on monitoring of the kinetic spectrophotometric reaction of two analytes with potassium permanganate as oxidizer. Study of the existent literature on the subject revealed that spectrophotometric method of FQs determination has not been given appropriate attention. Thus, it is important to look for promising new available reagents for FQ determination.
We investigated the interaction of three representatives of second-generation FQs: EF, ofloxacin (OF), and NF (Table 1) with the acid-base indicator monoazo dye methyl red (MR), which forms ion-pair complexes with FQs. We used this type of analytes to develop the extraction-spectrophotometric methods for FQ determination in drugs.
Azo dye MR is a pH indicator; at pH 4.4 it is red, at pH > 6.2 it is yellow, and at 4.4 <pH 6.2 it is orange, pKa is 5.1 (Zhang et al., 2012) . MR is used for titration of aliphatic amines in 1,4-dioxane and chloroform as well as it is used in argentometry as an adsorption indicator (color transition from yellow to orange-red). Sodium salt of MR is water soluble. 
Experimental

Reagents and equipment
All aqueous solutions were prepared using distilled water.
FQs were purchased from Sigma (USA). Solutions of EF was prepared by dissolving appropriate amounts of the reagents of pharmacopoeia grade in 0.1 M sodium hydroxide solution; solutions of OF -in 0.01 M sodium hydroxide solution; solutions of NF -in 0.1 M hydrochloric acid. All solutions were stored at a room temperature in a dark place.
Solutions of MR (Shostkinsky Chemical Plant, Ukraine) were prepared by dissolving appropriate amounts of the reagent of analytical grade !98% purity in distilled water.
The solutions of hydrochloric acid, sodium hydroxide, potassium chloride, sodium acetate, and sodium sulfate were prepared from the chemicals of the analytical grade.
Organic solvents of the analytical grade: toluene, benzene, hexane, chloroform, and amyl alcohol were used in the experiment.
UV-Vis measurements were performed with UV-Vis scanning spectrophotometer SPECORD M-40, Carl Zeiss Jena, Germany (spectral range 190 -1100 nm with resolution of 1 nm; absorbance range À0.3 to 2; standard deviation of absorbance measurement 0.5% at A ¼ 1) and photometer KFK-2 MP, Zagorsky mechano-optical plant, Russia (spectral range 315-980 nm; width of absorption filters transmission band from 25 AE 5 to 45 AE 5 nm depending on a filter; absorbance range 0-2; standard deviation of separate absorbance measurement up to 0.3%).The path length of cuvettes was 1 cm for spectrophotometers and in the range of 1-5 cm for optimal measurements with the photometer. All absorbance measurements were performed at 20-25 C. The pH value was measured by pH-meter model pH 150M (Gomelsky Plant of Measuring Devices, Belarus), equipped with a combination electrode, which incorporates both glass and reference silver chloride electrodes into one body. The required pH of each solution was adjusted using diluted HCl and NaOH solutions.
Procedure of FQs determination
Procedure of acetate buffer solution preparation. Sample weights of sodium acetate (7 g) and potassium chloride (12.5 g) were dissolved in 70 ml of distilled water and glacial acetic acid was poured up to pH of 3.8 using a pH meter, and then distilled water was added to the full volume of 100 ml.
Procedure of oral solution ''Enroflox 10%'' preparation for the EF determination. Aliquot of solution containing 100 mg of EF was placed into a 100 ml volumetric flask and 0.1 M NaOH was added to complete the volume. Then the solution was mixed thoroughly and was 10-fold diluted by the same solvent (working solution).
Procedure of EF determination in oral solution ''Enroflox 10%'' by the own absorbance in UV spectrum range at ¼ 271 nm at pH ¼ 10. Aliquot of 1 ml of working solution of ''Enroflox 10%'' was placed into a 25 ml volumetric flask. Solution was diluted by distilled water and the pH of solution was adjusted to pH ¼ 10 and next distilled water was added to the full volume of 25 ml. Then the solution was mixed thoroughly and the absorbance measurements (at the room temperature $20 C) were carried at 271 nm in 1.0 cm cuvette. EF concentration was calculated using the methods of single-point standardization.
General procedure of EF extraction-spectrophotometric determination with MR. Four milliliters of one acetate buffer mixture with pH 3.8 ((C(CH 3 COONa) ¼ 0.85 M, C(KCl)¼2 M) was placed into a 25 ml volumetric flask. Then a sample of solution containing (2.5-25)Á10
À6 M of EF (in final volume) was added. Next 1 ml of 1.25Á10 À3 M MR solution was added into the flask. Next distilled water was added to the full volume of 25 ml. Then the solution was mixed thoroughly and three times extraction by 7 ml of chloroform was performed using separating funnel. The extract was collected into a 25 ml dry volumetric flask and subsequently the same solvent was added to the full volume of 25 ml. The extract was dried with anhydrous sodium sulfate during 5 min. Then the solution was mixed thoroughly and the absorbance measurements (at the room temperature $20 C) were carried out against chloroform extract of all corresponding reagents blank solution at 492 nm in 1.0 cm cuvettes. EF concentration was calculated using the methods of calibration curve and single-point standardization.
Results and discussion
To find effective analytic forms for the FQs determination, we studied their interaction with monoazo dye MR in aqueous solution depending on the pH. As follows from the experimental data, the orange precipitates for products of the MR interaction with all FQs at pH 3-4 have been formed, which most probably indicates the formation of ion-pair complex. This effect is promising for further research to develop the methods for FQs determination.
The choice of organic solvent for extraction of ion-pair complexes of FQs with MR
FQs have two proton bonded position (piperazine and carboxyl groups). In aqueous solutions they have four protonated forms (Guyot et al., 1995) . Cationic form dominates at pH 4-5, zwitterion (neutral form) at pH 7-8, anionic form at a pH > 9-10 (Yang et al., 2012) . Therefore, EF in acidic medium is a positively charged amino compound (pK a2 ¼ 8.51) (Yang et al., 2012) . The intense absorbance maximum at pH ¼ 3-4 for EF at ¼ 277 nm as well as split maximum at ¼ 317 and 329 nm are observed.
In aqueous solution MR is zwitterion and has two resonance structures (Tobey, 1958; Zhang et al., 2012) :
Absorbance maximum for HMR (pK a ¼ 4.76) is at 520 nm, and for MR at 425 nm. The pH value range of color change of MR in aqueous solution is well known as 4.4-6.2. Therefore, at pH <4 MR has a negative charge due to the dissociation of the carboxyl group. The negatively charged indicator and positively charged FQ form ion-pair complex in acidic medium. BA-type electrolyte dissociates in an aqueous medium according to the equation BA $ B þ þA À . The equilibrium of BA-type electrolyte dissociation may shift to the left (association) if ion-pair complex is removed by extraction using a solvent that does not mix with water (Mostafa et al., 2002a) .
The next stage was to study the extraction of slightly soluble products of MR interaction with EF by the various organic solvents: chloroform, toluene, benzene, amyl alcohol, and hexane. In almost all cases, there was extraction of both the dye and the product. Optical characteristics of obtained extracts of ion-pair complex of MR with EF are listed in Table 2 .
As shown by previous studies all these extracts absorb in the range 435-520 nm. The data, which are presented in Table 2 , indicate that the optical characteristics of benzene, toluene, and chloroform extracts of FE ion-pair complex with MR are similar. All of these reagents are used for extraction, but absorbance of chloroform extract is somewhat greater, so we chose it for further research. Figure 1 shows the spectra of chloroform extracts of the methyl red as well as product of its interaction with enrofloxacin at pH ¼ 3.8. Figure 1 . Absorption spectra of chloroform extracts of methyl red and product of its interaction with enrofloxacin at pH ¼ 3.8. As follows from Figure 1 absorbance maxima at 285 and 490 nm are present on spectrum of chloroform extracts of MR as well as on spectrum of chloroform extracts of product of MR interaction with EF, but for the product they are much higher. Therefore, a further step of our research was to determine the linearity range for EF determination at the 492 nm and to select the buffer mixture for improvement of the analysis rapidity.
Selectivity of interaction in the system FQs -MR in the presence of sodium acetate and potassium chloride
In order to create stable conditions for the formation of ion-pair complexes, to maintain the optimum pH medium, and to improve the rapidity of the methods for FQs determination by MR it is necessary to pick up a buffer mixture. As the ion-pair complex is formed at pH 3-4, the acetate buffer can be used to achieve the optimal reaction conditions. Therefore, we examined the influence of the sodium acetate concentration on maximum yield of ion associate and its further extraction (Figure 2(a) ). Better separation of liquid phases that do not mix is achieved in the presence of strong electrolytes, so we investigated the effect of potassium chloride concentration on the extraction efficiency and absorbance value of the obtained extracts (Figure 2(b) ).
As follows from Figure 2 , the presence in solution of both sodium acetate and potassium chloride stabilizes the extractive system and increases the absorbance of ion associates extracts of all three FQs. In further studies we used acetate buffer solution.
In order to achieve the maximum value of the analytical signal, we determined the optimal amount of acetate buffer required for obtaining of the pH 3.8 ( Figure 3) .
As one can see from Figure 3 , using 4-6 ml of acetate buffer with pH 3.8 the maximum absorbance of ion associates extracts of all FQs has been attained. 
Validation and spectroscopic characteristics of the developed method of the FQs determination using MR
To develop the spectrophotometric method the absorbance time stability of analytic form is important. So we found that the absorbance of the chloroform extract of EF interaction Table 3 . Spectroscopic characteristics of the chloroform extract of ion pair complexes of the fluoroquinolones with methyl red and validation results of extraction-spectrophotometric determination of fluoroquinolones with MR; 
product with MR is stable for 1 h (Table 3 ). This is long enough for the necessary measurements of absorbance and determination of analyte content. It was established that the absorbance of the chloroform extract of FQs interaction product with MR linearly depends on FQ concentration in the solution. On the basis of the optimal conditions of FQ interaction with MR the new extractionspectrophotometric technique of FQ determination has been developed. Validation and spectroscopic characteristics of determination of three FQs by means of MR are presented in Table 3 .
As follows from Table 3 the developed methods for the extraction-spectrophotometric determination of all tested FQs with MR possess wide linear ranges; they are simple, rapid, and sensitive. Sensitiveness of EF determination was higher, for remainder FQ it was practically the same.
Approbation of the methods of extraction-spectrophotometric determination of EF with MR in drugs analysis
Proposed method of FQs determination by mean of MR was tested for quantification of EF in one-component drug, oral solution ''Enroflox 10%'' (INVESA, Spain) produced in 1 ml ampoules. Each ampoule contains 100 mg of active substance EF and excipients: benzyl alcohol (14 mg), potassium hydroxide, purified water. It is antimicrobial veterinary medicine for system use, predominantly for treatment and prevention of poultry diseases caused by bacterial flora, sensitive to EF: colibacillosis, salmonellosis, necrotic enteritis, streptococcosis, micoplasmosis, other diseases of inflectional etiology.
The assay results are presented in Table 4 . According to Table 4 , the EF content in medicine obtained due to the developed technique using MR correlates rather well with the content of the EF specified by the manufacturer as well as with the results obtained according to the official methods of own absorbance in UV spectrum range at 271 nm.
For determination of the FQs in multicomponent drugs, use of the HPLC is recommended. However, the developed method is much simpler and it is characterized by high reproducibility and rapidity. Sensitivity of this technique is higher than in some other extraction-spectrophotometric methods of FQ determination. The value of S r does not exceed common values of spectrophotometry errors. S is the standard deviation of five determinations (n). The tabulated value of t at a ¼ 95% confidence limit is 2.78.
Conclusion
It was established that orange color precipitates are formed during FQs interaction with MR at pH 3-4, which indicates the formation of ion pair complexes. The precipitates are extracted by some organic solvents, including chloroform. We have investigated optimum conditions to obtain proper pH value and constant ionic strength for the formation and the extraction of ion-pair complexes between FQs and MR depending on the concentration of acetate buffer and potassium chloride solutions. It was found that the absorbance of ion-pair complex chloroform extracts is constant for more than 1 h. Effective molar absorbtivities of ion-pair complex chloroform extracts are " 492 $3Á10 3 M À1 cm À1 . New extraction-spectrophotometric methods for FQ determination with MR were developed on the basis of the optimum reaction conditions. Linearity range for the system FQ -MR is (2.5-25)Á10 
